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THE EDAPHIC FACTOR IN NARROW ENDEMISM. 
Il. THE GEOGRAPHIC OCCURRENCE OF 
PLANTS OF HIGHLY RESTRICTED 
PATTERNS OF DISTRIBUTION 


Hersert L. Mason 


It was my objective in the first part of this paper (4) to point 
out that of the three aspects of the dynamics of plant geography, 
namely, the environment, the physiology of the individual, and 
the genetics of the population, only the environmental conditions 
independently occupy area and hence constitute the precise de- 
terminants of particular patterns of potential area of species; 
and, that of environmental factors, the edaphic factor is most 
apt to occur in small, sharply defined areas and hence might be 
looked upon as a determinant of narrow patterns of endemism. 
We may now very briefly consider some of the aspects of the geo- 
graphic pattern of restriction of plant species in nature that seem 
to support these conclusions. To this end we will consider espe- 
cially certain cases of plants having highly restricted patterns of 
distribution and occurring aggregated into definite areas. We 
shall note further that these areas are in regions of great environ- 
mental diversity and often of local edaphic peculiarity as well. 

A survey of the occurrence of highly restricted plant species 
throughout the world reveals that such species occur in almost all 
parts of the land area of the earth. However, certain regions are 
remarkable for the concentrations of localized species in their 
floras. These are frequently referred to in the literature as ‘“en- 
demic areas.” Some of these areas rich in highly restricted 
endemics are on islands while others are on the continents. It is 
a matter of great interest that of islands rich in endemics, most, 
if not all, are either of volcanic origin or contain large outcrops 
of metamorphic rock such as gneiss, schist, chert, or serpentine in 
which the basic metals and other minerals occur, often over a 
highly localized geographic pattern. Of the islands or island 
groups richest in percentage of endemism in their floras, the 
Hawaiian Islands, St. Helena and the Canary Islands, all are of 
volcanic origin. New Zealand is largely volcanic or igneous and 
also contains considerable serpentine and other metamorphics. 
Madagascar has a small volcanic area and a large area of gneiss 
and serpentine. Corsica possesses a large expanse of folded 
gneiss and much serpentine containing considerable nickel. A 
large part of New Caledonia is serpentine containing important 
nickel and chromium deposits. Juan Fernandez and the Gala- 
pagos Islands are volcanic. Tasmania and Ceylon both have 
extensive surfaces composed of serpentines. Cuba has much ser- 
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pentine and chromite. The presence of serpentine on many of 
these islands suggests the occurrence also of other rock containing 
the ferro-magnesian metals. There are probably other minerals 
as well that may exercise similar influences on the vegetation of 
these areas. The volcanic and metamorphic nature of these 
islands together with their montane topography suggest great 
environmental diversity and especially edaphic diversity. Since 
non-voleanic islands and islands with little or no altered rock in 
their surface features do not demonstrate nearly such high de- 
grees of endemic restriction in their floras, it would seem that 
there must be some relationship of a cause-and-effect nature be- 
tween these special geological features of vulecanism and meta- 
morphism and the occurrence of such concentrations of endemic 
restriction. 

In general, on the continents as on the islands, endemics are 
concentrated in regions noted for their great environmental di- 
versity. On the continents the greatest environmental diversity 
occurs in mountainous areas, particularly in arid and semi-arid 
regions. Here the altitudinal effects of climate and such special 
features as rain shadows, wind gaps, cold-air drainage, and slope 
exposure serve to multiply habitats caused by diversity of an 
edaphic nature resulting from such forces as orogenic diastro- 
phism, vuleanism, igneous intrusion, and alteration through meta- 
morphism. Weathering of the type characteristic of arid regions 
usually results in highly mineralized soils. Under these climatic 
conditions the leaching of soils proceeds very slowly. In moun- 
tainous areas the localization of habitats is often more pronounced 
on the upper slopes; as one ascends a mountain, habitats are apt 
to become smaller and more localized in character and area. This 
is especially true where the mountain has resulted from folding 
and faulting of strata and the subsequent erosion and dissection 
of the fault blocks and folds. The restriction of plants to some 
of these localized montane habitats on the continents frequently 
has led to rather unrealistic conclusions as to relict endemism on 
these mountains. It is often implied that the mountain was once 
an island, a postulate that seems unnecessary in view of the locali- 
zation of the habitats on the mountain. Some continental moun- 
tains and mountain peaks have been islands and some of their 
plant species may date back historically to these insular times. 
The restriction of the species in these areas today, however, is a 
problem of the conditions of today’s environment and the present 
genetic constitution of the species population. Such conditions 
of the environment would probably express themselves floristi- 
cally in some restrictive or specialized way regardless of the his- 
tory of the flora or whether or not the mountain peak had been 
an island. 

Because islands are isolated from one another as well as from 
the continents, and because such isolation is often thought of as 
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affording the most suitable conditions for speciation to proceed 
toward the production of endemies, it has been common practice 
to interpret endemism, wherever it may be found, in terms of 
insular history or at least to inject into it an insular connotation. 
I have discussed (4) some of the difficulties inherent in the con- 
cept of isolation when applied as a causal factor in endemism and 
have pointed out that the causes of restriction in pattern of area 
occupied must be sought in some environmental condition that 
independently occupies area. 

It is significant that both on continents and on islands there 
occur local concentrations of endemics that seem to relate them- 
selves to the occurrence of ions of any of several minerals which 
are often present in the soil solution in a concentration sufficient 
to exercise a restrictive effect on the vegetation through their 
toxicity. As a result, many of the common species of such regions 
are excluded from these local areas and in their places are plants 
that tolerate these special conditions or may even demand them. 
The vegetation of such areas is usually sparse and the populations 
of individual species are often discontinuous or localized. This 
condition of the environment must be closely related to some of 
the important causes of highly restricted patterns of distribution 
of plants both on islands and on continents. Of the countless 
thousands of seeds that chance to find their way into these toxic 
areas, only a very few are so constituted physiologically and 
genetically as to become established as functioning plants and 
give rise to a persistent population. 

There is no evidence that the concentration and distributional 
pattern of endemics in continental areas has resulted from any 
different dynamics than such features of insular floras. In gen- 
eral, continental floras are larger and the mass of their species 
may occupy wider area, but the problems of restriction in range 
are identical in both. The important difference between conti- 
nental and insular floras relates to problems of dispersal and 
establishment and the history of migration rather than to the 
problems of endemic restriction. Therefore, for purposes of 
example, it makes little difference whether we use a continental 
area or an insular area. 


Tue CALIFORNIA FLORA 


Certain features of the California flora, where a considerable 
percentage of endemism prevails and floristic diversity is closely 
integrated with environmental diversity, may serve to illustrate 
some of the problems I have discussed previously (4). Here, I 
think, we can clearly demonstrate the significance of certain 
edaphic situations in areas of endemic concentration and in addi- 
tion see conclusive evidence that area in general, as occupied by 
species populations, is incidental to environmental conditions. 

California is a region of varied relief where many complex 
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mountain ranges and their intervening valleys lie across the path 
of the moisture-laden winds from the ocean. Climatically, the 
result is a very diverse pattern of seasonal rainfall ranging from 
over 100 inches annually in the northwest to less than 5 inches 
annually in the southeastern part of the state. Between these 
extremes there is no simple gradient, but a diverse pattern result- 
ing from complications of topography that may steepen the 
gradient locally and produce rather sharply defined rain shadows 
and other similar features. Correlated with topography and rain- 
fall is a considerable variation in seasonal and diurnal progression 
of temperature. Above 4,000 feet winter snows persist and sea- 
sonal dormancy prevails. Elsewhere seasonal dormancy is apt 
to be rather unstable as to duration and extent and to vary con- 
siderably from one species to another. In these areas, spring 
flowering may begin anywhere from November to March. Be- 
cause of cold ocean currents along the coast and warm currents 
farther offshore, frequent fog, conforming to a seasonal, diurnal, 
and geographic pattern, envelops the maritime area. Boundaries 
between climatic situations often are reasonably sharp under such 
topographic and geographic conditions. Such a boundary would 
be of the nature of a steepened climatic gradient and is usually 
associated with some local topographic feature. The summer fog 
may regularly overhang a certain coast range ridge each after- 
noon and go no farther inland. Here the gradient of relative 
humidity across the coast ranges is locally steepened. The eastern 
boundary of the coast redwood coincides with the usual line of 
occurrence of such a steepened gradient. The dramatic change 
from upland coniferous forest to Great Basin sagebrush on the 
east slope of the Sierra Nevada is the expression of a steepened 
climatic gradient involving various aspects of the moisture rela- 
tions of humidity and rainfall and ground water as these are 
modified by topography and drainage. The deserts, the upland 
coniferous forest, the foothill coniferous forest, and many other 
of the major floristic assemblages are all geographic expressions 
of the interrelationship of climate and topography and in many 
places are definable by rather sharp boundaries which give expres- 
sion to steepened climatic gradients. Probably the best example 
of such a feature is the perpendicular 5,000-foot south wall of 
Yosemite Valley and the effect it produces on surface climate and 
on vegetation. Glacier Point at the top of the cliff is clothed with 
a red fir forest while the valley floor at the bottom of the cliff is 
clothed with the arid phase of the yellow pine forest. The lateral 
distance is but a very few feet, the vertical distance less than a 
mile. On a map such a boundary could only be indicated by a 
sharp line. I go into this detail because there are those who 
maintain that climatic boundaries do not exist, and that climatic 
features are expressible only in terms of gradients. So far as 
vegetation is concerned, the steepening of the climatic gradient 
is apt to produce an effective climatic boundary. 
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The edaphic variation in the area occupied by the California 
flora is enormously complex. There is very little in the way of 
cause of edaphic variation that has not left its mark in this region. 
A glance at the geological map of California (1) will disclose 
some of the outlines of this diversity as wrought by the events of 
geological history, but the details significant to environmental 
diversity are of such a nature as to defy adequate mapping. There 
is outlined on this map the surface occurrence of about eighty 
different rock systems, of which thirty-four are igneous and forty- 
six are sedimentary in origin. They range in age from Archean 
to Recent. Most of the older rock is metamorphosed. The north- 
ern California coast ranges are dominated by the Jurassic Fran- 
ciscan series which taper into island-like patches in southern Cali- 
fornia. We shall return later to a discussion of this series of rock; 
it is sufficient here to say that they have been invaded locally by 
ultra-basic intrusives which are heavily serpentinized and that 
many other rocks of the series have also been serpentinized. The 
southern coast ranges are dominated by Cretaceous and Tertiary 
marine sediments. Most of southern California, however, is domi- 
nated by grano-diorites, undivided granites, and acid intrusives 
of uncertain Mesozoic and pre-Mesozoic origin. The Sierra Ne- 
vada owes its existence to the upwelling of an enormous batholith 
composed of various types of granite. These granites reach the 
Great Valley flora on their southwestern margin but are overlain 
by complicated Jurassic rock along their northwestern margin. 
To the east they are flanked by an extensive series of metamor- 
phics. In the north they give way to voleanics. The Great Valley 
is recent alluvium. In the extreme northwestern part of the state, 
the Klamath Mountains are dominated by ancient gneissoid and 
schistose rocks together with very diverse types of metamorphics, 
volcanics, and ultra-basic intrusives. Throughout the entire Cali- 
fornia region there are local occurrences of voicanics of various 
types and ages and of metamorphics that are exceedingly diverse 
in type as well as in chemical composition. The geological map 
presents these rock systems each in terms of its age and general 
origin but in no way depicts the tremendous variation in lithology 
or in chemical composition which, in the case of the metamorphics 
and volcanics as well as in some of the older sediments, is very 
great. 

The general correspondence of many elements of the flora of 
California to the distribution of lithological features is no less 
striking than is the above-mentioned floristic differentiation that 
is to be related to climatic features. Much of the diversity of the 
California flora results from the superposition of lithological fea- 
tures across the areas of special climatic conditions, thus creating 
local habitats that are occupied by special populations of plants. 
Certain of these lithological features support unusual concentra- 
tions of. species of highly restricted range, thus suggesting that 
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these plants may be particularly adapted to the special conditions 
present. This is especially striking in serpentinized areas where 
the localization of some of the ferro-magnesian metals reaches 
toxic concentrations lethal to many of the plants one might expect 
to find. Endemic restriction in California is by no means confined 
to serpentine areas nor is it always associated with the ferro-mag- 
-nesian metals. Since these problems have not as yet been investi- 
gated from a physiological and biochemical point of view we can 
only postulate cause-and-effect relationships. These are prob- 
lems that new techniques in biochemistry, plant physiology, and 
genetics have placed within our scope of investigation and begin- 
nings are now being made toward their solution. Endemic restric- 
tion has been studied from the point of view of sterility of soils, 
but not from the point of view of the vegetation that flourishes 
in an area, an approach which may do much to solve the problem 
of narrow endemic restriction. 


ENDEMISM IN THE CALIFORNIA FLORA 


It is impossible to give a precise figure as to the percentage of 
endemism in the California flora chiefly because of the difficulties 
of taxonomic evaluation of the complex groups of entities that 
develop under such diverse geographic conditions. Many aspects 
of endemism are concealed under aggregate specific categories in 
current usage. These often are composed of genetic races and 
minor variations with special habitat adaptations, which, if care- 
fully depicted, might aid considerably in solving the complex 
problems of endemism. There are few if any of the major divi- 
sions of the California flora that do not have some element of 
highly restricted endemism in their population. This may also be 
said of the major topographic features. Jepson (2) records about 
forty per cent endemism for the California flora. Most of the 
valid species described for this area since the appearance of Jep- 
son’s “Manual” are endemic, so that this figure must be raised 
considerably. There are also extensive sections of the state that 
have not been adequately explored and, since these regions are 
chiefly areas of great edaphic diversity, it is to be expected that 
several more species will be added to the known flora. 

Jepson (2) noted that local endemic species in California 
seemed to be aggregated into definite areas. He interpreted these 
concentrations as comprising ten such areas, three of them in 
insular and southern California and seven in northern California. 
Since we intend to demonstrate that area is incidental to environ- 
mental condition, we need not go into the matter of the adequacy 
or inadequacy of their number and distribution. Although his 
ge oe gue iag Ne Jepson points to the 
Sere. z and recent species and emphasizes age 

y of land mass, particularly with respect to its elevation 
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and subsidence. He leans strongly on the concept of “mountain 
top” endemics and refers broad endemics to climatic features of 
the region. Although his “Franciscan area” conforms to the areal 
pattern of much of the Franciscan lithological series of northern 
California, he makes no mention of any lithological relationships. 
Detailed discussion of a part of one of Jepson’s endemic areas will 
serve to illustrate the main points of the present paper. 


Tue Napa-Laxr AREA 


In northern California, Napa and Lake counties are designated 
by Jepson as his Napa-Lake endemic area. We will consider a 
portion of this area involving southern Lake County and northern 
Napa County and the adjoining margins of Sonoma, Colusa, and 
Yolo counties (fig. 1). This area is approximately thirty miles 
square and manifests marked floristic diversity and richness as 
well as considerable endemic concentration. In addition there 
are many species of special habitats that recur elsewhere only 
where such special habitats reappear in the coast ranges or in the 
Sierra Nevada foothills. In this small area there outcrop no less 
than sixteen distinct geological series, ranging from sedimentary 
rock of Jurassic and Cretaceous origin to Recent alluvium; meta- 
morphic rocks of both igneous and sedimentary origin, some of 
which are highly serpentinized; volcanics involving basalt, rhyo- 
lites, tuffa, and obsidian, ranging from unclassified Tertiary in age 
through Pliocene, Pleistocene, and Recent time; and finally a con- 
siderable expanse of ultra-basic igneous intrusives which have 
been highly serpentinized. Commercially exploited minerals of 
the region are mercury, gold, silver, and sulphur. Hot springs 
and mineral springs are common. The geological outcrops form 
the surface pattern of the high relief and one finds the usual habi- 
tat features to be expected in mountains. Several streams tra- 
verse the region and Clear Lake penetrates about one-fourth of 
the way through the area from the northwest. Several small lakes 
and ponds, ranging from very alkaline to highly acid in character, 
occur within the area. Some of them, such as Borax Lake, are 
almost entirely devoid of marginal vegetation, while others, like 
Boggs Lake, possess a rich marsh flora in floating bogs. In the 
playas and the alluvial meadows that are common throughout the 
region there is evidence of many more lakes of past time. 

The outstanding geological feature of this area, aside from its 
local diversity, is the fact that it is dominated by a basement of 
metamorphosed Franciscan rocks of Jurassic age which have been 
invaded in many places by ultra-basic intrusives. The Franciscan 
rocks themselves have become serpentinized in many places; in 
others, their dominant ferro-magnesian character makes them the 
habitat of a peculiar flora. These Franciscan rocks are so impor- 
tant to the problem of endemism in northern California that it is 
necessary to emphasize their nature. They are the dominating 
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feature of the geology of the northern California coast ranges. 
Reed, in the “Geology of California” (6, p. 29) says, “The Fran- 
ciscan series may with almost equal propriety be considered 
‘blanket’ or ‘basement.’ It consists of a complex series of sedi- 
ments and interbedded or intruded igneous rocks of peculiar 
types. Equally peculiar metamorphic rocks are associated with 
them in many places. In some regions the latter are limited to the 
contacts of the igneous and sedimentary rocks; in others they 
constitute the whole series over large areas. 

“An important constituent of most Franciscan areas is serpen- 
tine, derived from peridotite and similar basic rocks. Partly be- 
cause of the prevalence of this rock, the series as a whole yields 
to deforming forces much more readily than the Granitic Base- 
ment. Extreme complexity of structure is almost a distinguishing 
feature of the Franciscan. Where it is overlain even by a thin 
cover of sediments, the latter also yield easily to deforming 
stresses. Folds of many types and sizes are therefore character- 
istic of areas underlain by the Franciscan.” 

The Franciscan is characterized by a considerable diversity of 
lithology. Of sediments there are conglomerates, sandstone, 
shale, variegated chert, limestone, and a small amount of coal. 
The igneous series includes schist, basalt, diabase, peridotite, 
pyroxinite, and gabbro; these latter are usually serpentinized. 
The metamorphics may be quartz schist, quartz albite schist, 
prasinite, blue schist, tale rock, or serpentine rock. Unfortu- 
nately, the geological map of California does not differentiate the 
lithological types within the Franciscan, and hence does not give 
an adequate idea of the lithological diversity of any area domi- 
nated by the Franciscan series. Not all of these lithological types 
will be found within the area under discussion, but a sufficient 
variety exists to add materially to the edaphic diversity of the 
region. Of special interest is the series of basic metals usually 
associated with the Franciscan, particularly where it has been 
serpentinized. Many of these metals become ionized in the soil 
solution in quantities sufficient to be lethal to many plants and 
are an important factor in the sterility of soils derived from such 
rocks (7). These metals comprise the ferro-magnesian complex 
and include, in addition to iron and magnesium, considerable quan- 
tities of chromium, manganese, nickel, and titanium. Whether or 
not titanium plays any role in the restriction of plants is not 
known ; it is a matter of interest, however, to note its presence in 
considerable quantities in nearly all Franciscan rocks. The im- 
portant feature of the occurrence of these metals and minerals 
Ho eres he fact that they are not distributed uniformly 
Seed te pentines but occur singly or in groups of various 

sitio. ocal surface areas in contrast to other surface 
areas of differing composition and concentration. 

It should be evident from this very brief discussion of the out- 
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Fic. 1. Geology of the Napa-Lake Area. Hl, Lower Eocene marine sedi- 
ments; Hu, Upper Eocene marine sediments; Jbi, Jurassic basic meta-igneous 
rocks; Jf, Franciscan group; Jk, Knoxville formation; Jub, Jurassic ultra-basic 
intrusives; Kc, Upper Cretaceous marine sediments; Ks, Lower Cretaceous 
marine sediments; Pc, undivided Pliocene non-marine sediments; Pvb, Pliocene 
basalt; Pol, Lower Pliocene volcanics and interbedded sediments; Qal, alluvium; 
Qrob, Recent basalt; Qt, terrace deposits; Qvr, Pleistocene rhyolite; Tv, un- 
divided Tertiary volcanics; clear areas, unmapped geology and lakes. Adapted 
from O. P. Jenkins, Geologic Map of California, 1938. 
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standing geological features that this is a region not only of high 
edaphic diversity, but that this diversity embraces rocks of 
peculiar types, rich in minerals that are restrictive to many plants 
and to which other plants may have been adjusted through genetic 
processes involving tolerance. When one adds to this the compli- 
cated climatic mosaic, characteristic of mountainous sections in 
arid regions, some idea may be obtained of the tremendous en- 
vironmental diversity that prevails in this very small area. 


Fuoristic Diversity 


In response to such environmental diversity, the flora of this 
area, in spite of its local paucity on certain very extensive “bar- 
rens,” is so diverse as to total an inordinately high number of spe- 
cies for so small an area. More than one thousand species of 
spermatophytes and ferns are known here, or about one out of 
every four of the species listed in Jepson’s “Manual.” In other 
words, one-fourth of the species of the flora of all of California is 
found in this area of only thirty square miles. This is not so sur- 
prising when it is realized that the eastern extension of the red- 
wood forest reaches this area; both the upland and the foothill 
coniferous forests are represented; the “black oak—madrone” for- 
est, the valley oak meadows, and several distinct types of chapar- 
ral occur here. Except for certain types of chaparral and the 
oak-covered hills, none of these floral assemblages really typify 
the area. However, some of them may have been more extensive 
in the not-too-distant past, for on every hand there is evidence 
of repeated fire. In prehistoric times this was the home of a large 
Indian population which used burning in its program of game 
management. 

Looking at the floristic diversity from another point of view, 
we find that of the thirty species of conifers reported from north 
of San Francisco Bay, twelve occur here, yet the area is only 
locally clothed with coniferous forest and one normally thinks of 
this region as being outside the coast range coniferous belt. Of 
the fifteen species of oaks recorded in California by Jepson, ten 
occur here. The genus Navarretia, comprising twenty-nine species 
in western North America, has eighteen species in this area, seven 
of which are restricted to this locality or occur elsewhere only in 
one or two isolated spots. Of the forty-four species of Ceanothus 
in California, ten occur here. Of the ten species of Linum in Cali- 
fornia, seven occur here. A large number of serpentine endemics 
find their way into this area, but endemism within the region is by 
no means confined to the conditions prevailing in serpentine. 


ENDEMIsM IN THE Napa-Laxr AREA 


Although an impressive number of species and smaller taxo- 
nomic categories occur in this area and are not known outside of 
it, none of them conforms to the pattern of the whole area but 
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rather to the pattern of certain localized conditions that prevail 
within the area. Furthermore, a large number of the peculiar 
plants of the region occur discontinuously throughout the area on 
special habitats and recur beyond in one or more places on similar 
habitats only. Most of these habitats involve peculiar rock types. 
The uniformity of this coincidence of restricted endemism and 
peculiar environments suggests that these plants owe their distri- 
butional pattern to the configuration of the pattern of edaphic 
conditions. To these conditions they are physiologically adapted 
through the processes of genetics and evolution. Of the particu- 
lar environments within this area wherein restricted endemics are 
found, three are outstanding. Most striking are those associated 
with the various local conditions that prevail within the chemical 
structure of serpentine and its various mineral associates. Next, 
are those associated with conditions prevailing in association with 
the volcanics. Finally, there are the conditions prevailing in the 
vernal pools and other similar habitats wherein the ground is 
covered with water during the establishment phase of the seed- 
lings, while flowering and fruiting of many of the species popu- 
lation takes place only under conditions of extreme drought. 
There are endemics in other situations as well, but the spectacular 
concentrations are manifested in these three situations. 
Endemism in the serpentine areas presents the most complex 
problems. Here the distribution patterns of the various serpen- 
tine endemics range from (a) species that are geueral to serpen- 
tine practically wherever it occurs in the California area through 
(b) species that are discontinuous on the serpentine, to (c) spe- 
cies that are known only from one small locality or niche in a 
given serpentine area. Quercus durata is fairly common over most 
of the serpentine areas of the northern California coast ranges; 
Cupressus Sargentii is highly discontinuous on serpentine, although 
it is known from southern California (Santa Barbara County) to 
southern Oregon; Collomia diversifolia is known from only four 
localities, three in the Napa-Lake area and one in the Mount 
Hamilton Range. A few species, like Linum bicarpellatum, are 
known from but a single locality; but their number is very small, 
and is no more spectacular in the Napa-Lake area than in any of 
several other serpentine districts. Most significant to our prob- 
lem is the fact that many of these supposedly highly localized 
Napa-Lake species are being found on similar serpentine outcrops 
elsewhere as a result of more thorough exploration. We now 
know several of these endemics to occur in the Red Mountains of 
the Mount Hamilton Range (8) and another series of them to 
occur in the serpentines of the foothills of the Sierra Nevada in 
Eldorado County. This seems to be pretty clear evidence that we 
are dealing with environmental conditions rather than with any 
of the spatial or historical attributes of area. Aside from the fact 
that the rocks in the different sites on which these plants are 
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growing are all of Jurassic age, their precise histories subsequent 
to that time have varied. They have in common similar chemical 
composition and occur in similar climates. Although the species 
of the area must be in tune with climate, climate may be ruled out 
as a cause of their narrow restriction because in all of these areas, 
adjacent rock masses in apparently identical climates have not 
proven suitable habitats for these species. We are left with the 
condition of edaphic factors, either water relations of the sub- 
stratum or the chemical and physical character of the soils and 
soil materials. Localization on serpentine is often very narrow. 
Linum bicarpellatum occupies only a few hundred square feet. The 
area occupied by Collomia diversifolia in each of its occurrences 
is even smaller. Both of these species occur where vegetation is 
sparse and competition does not appear to be a factor. Often a 
group of individuals will occur in a situation completely devoid 
of any associated vegetation; outside of this one colony the soil 
is naked. Clearly it is not competition with other plants that 
restricts such species. Their behavior suggests the presence of 
toxic substances in the soil or perhaps the absence of some critical 
substance. It is significant that certain genera, such as Linum, 
Navarretia, Streptanthus, and Astragalus, show a marked tendency 
toward taxonomic elaboration in the presence of local aspects of 
serpentine. 

The voleanics of this area likewise possess a considerable 
population of endemic species and of species occurring discontinu- 
ously elsewhere under similar conditions. Aside from the broad 
lithological classification, nothing is known as to the nature of 
metals that may be local in any rock or soil type. The close prox- 
imity of some of these outcrops to the Jurassic ultra-basic in- 
trusives would make some infiltration of ferro-magnesian metals 
inevitable. In addition, the basalts are by nature highly charged 
with ferro-magnesian metals. Most conspicuous among the habi- 
tats of peculiar plant species of this area; however, is a matrix 
made up of voleanic ash and obsidian rubble. Unlike the serpen- 
tines, it is fairly rich in species of plants. The surface layers of 
the soil become excessively dry during the summer so that herbs 
are less common than shrubs, but these few herbs comprise most 
of the endemics in these conditions. That the problem is related 
to the ferro-magnesian metals is suggested by the occurrence of 
several highly discontinuous species, such as Eriastrum Abramsii, 
which in some other localities is on serpentines but is not as yet 
known on any of the local serpentines of the Napa-Lake area. 
non may be a dangerous conclusion because of the possibility 
ae in this case we may be dealing with distinct ecotypes of the 
species adapted to a special condition in all of its various localities. 
eas eee Reaes of concentration of endemics is the vernal 
poois and other habitats where water stands in spring and ex- 
treme drought frequently prevails in summer. Here the problem 
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varies with the particular lithology, since similar water conditions 
occur in conjunction with serpentine, volcanics, adobe clay, and 
the margins of peat bogs. It is in these habitats that the genus 
Navarretia of the Polemoniaceae is undergoing elaborate speci- 
ation. Three closely related species occur respectively in adobe 
clay, the volcanics, and on the margins of a peat bog. Distinct 
color forms of one of the species occur in two ponds less than a 
mile apart; in one pond the plants are white-flowered, in the 
other, light blue. Locally, on the margin of the blue colony, a 
dark, blue-flowered strain appears to be developing. These ver- 
nal pool plants begin their life history submerged. The leaves 
are linear-terete; the hypocotyl develops a thick cortical layer 
made up of very large air cells. As the water recedes and the soil 
dries the new growth becomes rigid and the leaves and bracts 
become spinose dissected. At flowering time the soil is usually 
deeply cracked and dry. Species of several genera undergo a 
similar growth history in these pools. Most spectacular is the 
genus Eryngium of the Umbelliferae, whose aquatic phase pos- 
sesses floating leaves and whose arid phase is exceedingly spinose. 
There are, on the other hand, other plants that complete their life 
cycle before the land becomes excessively dry. Among these are 
the species of Downingia (Lobeliaceae), many of which are en- 
demic to vernal pool conditions in California; one is endemic 
within the Napa-Lake area. These vernal pools present complex 
problems with respect to rate of water recession and hydrogen-ion 
concentration as well as to the mineral constituents of the water 
and the soil solution. Obviously the boundary of the pool pre- 
sents one limiting factor to the spread of these plants. However, 
within the water conditions common to all of the pools, there is 
evidence from the differences in the floras that other edaphic fac- 
tors are operating and have operated long enough to have selected 
several local endemic types. Some of these endemics at present 
are known only from single pools; in these pools they are often 
very abundant. 

Within the Napa-Lake endemic area of Jepson, there is appar- 
ently ample evidence that the endemism is to be related in most 
instances to edaphic conditions and that the area as outlined by 
Jepson is of significance only because it contains several different 
edaphic situations on which endemics have developed. Strictly 
speaking, however, these conditions in most instances overstep the 
boundaries set by Jepson, and often widely so. However, whether 
these conditions occur within or without the area they are almost 
always very localized. 


Taxonomic AsPpEcTS OF CERTAIN ENDEMICS 


Considering these problems from the point of view of taxo- 
nomic relationships and comparative distributional patterns of 
closely related forms, we can arrive at more corroborative evi- 
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dence to support the general thesis that distributional pattern is 
the direct result of environmental condition, and that the edaphic 
factor is most apt to be responsible for highly restricted patterns 
of distribution. It is important to emphasize at the outset that 
very little is known about cause-and-effect relationships between 
taxonomic entities and any environmental conditions to which 
they may seem to be adapted. It is, however, equally important 
to call attention to cases where consistent occurrence in a given 
situation suggests that a relationship exists between the conditions 
prevailing in the habitat and the physiological and genetic makeup 
of the plant, even though we cannot state precisely what the 
nature of that relationship may be. For illustrative material of 
these relationships I have selected a varied group of plants, some 
of which belong to genera containing several species with appar- 
ent restrictive adaptations to environmental conditions; others 
are single localized species isolated from a widespread closely 
related species by adaptation to a peculiar habitat; still others 
may be only genetic races within a species, which show restrictive 
habitat preferences not shared by the species or its normal associ- 
ates in other situations. 

Libocedrus decurrens is a common member of the upland conif- 
erous forest of the Sierra Nevada. It occurs normally with Pinus 
ponderosa and P. Lambertiana chiefly on soils associated with 
granitic rocks. In the northern Sierra Nevada, however, where 
much serpentine prevails, it is predominantly a serpentine inhabi- 
tant; in the Napa-Lake area of the North Coast Ranges it is con- 
fined to serpentine. Both of the species of pines associated with 
Libocedrus decurrens in the Sierra Nevada occur also in the Napa- 
Lake area. Although in one outstanding situation in the Napa- 
Lake area, where the geological contact between the serpentine 
and adjacent rock passes between a colony of Pinus Lambertiana 
and one of Libocedrus decurrens, the pine does not occur over the 
contact on the serpentine and the Libocedrus does not occur off 
the serpentine. Pinus ponderosa, on the other hand, occurs on both 
sides of the contact. We are dealing here with what appear to be 
cases of selective tolerance. The main Sierra Nevada race of 
Libocedrus is adapted to granitics; the race of the North Coast 
Ranges is a serpentine endemic. Apparently mixed populations 
oceur in the northern Sierra Nevada, but the non-serpentine race 
is less common than the serpentine race. Pinus Lambertiana, al- 
though known from several rock types, does not tolerate serpen- 
tine. Such differences in tolerance, where they characterize whole 
populations, must be interpreted as resulting from genetic proc- 
esses whether they involve whole species or only races within 
species. é 

Collomia diversifolia, a serpentine endemic of very localized 
occurrence, is known from two localities in Lake County and one 
in adjacent Colusa County. It was believed to be a Napa-Lake 
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endemic until Mrs. Sharsmith (8) found it in the Mount Hamilton 
Range in Santa Clara County. It is closely related taxonomically 
to the widely ranging C. heterophylla, which is known from many 
diverse types of soils including some serpentine. It is not known, 
however, from the heavy ultra-basic intrusives such as those on 
which C. diversifolia occurs. Here, again, it seems obvious that the 
genetic forces that operated to set these two species apart, acted 
upon physiological as well as morphological characters with the 
result that so long as each retains its present physiological and 
genetic constitution, the geographic area of the one will be sepa- 
rate from that of the other. 

Among genera most conspicuous for their endemic species in 
the California flora is Navarretia. Within the Napa-Lake area 
speciation has proceeded along very interesting lines in different 
groups of the genus. In vernal pools not more than four or five 
miles distant from one another occur N. Bakeri, N. pleiantha, and 
N. pauciflora (3), all close relatives of N. leucocephala of the Great 
Valley and of N. prostrata of southern California. Their morpho- 
logical features, particularly with respect to stamen insertion, sug- 
gest that a relationship with N. prostrata is closer. Their floral 
structures, with minor exceptions of size and color of corolla, are 
identical; the chief differences are in the inflorescence, the bracts, 
and the habit of the plants. They, however, show striking eco- 
logical preferences: N. Bakeri occurs in vernal pools in adobe soil 
in oak-grassland; N. pleiantha occurs on the margin of an acid bog 
in soil very rich in organic materials; N. pauciflora occurs in a 
playa in voleanic ash heavily strewn with obsidian rubble. All of 
these species begin their life cycles as aquatics and mature as 
extreme xerophytes. Speciation apparently has proceeded here 
along lines dictated by edaphic conditions. The genetic diversity 
evident in the plants of any particular pool does not appear very 
great. This may, however, be more apparent than real. Genetic 
diversity here is probably masked by rigid habitat selection, but 
such diversity will soon disappear as a result of random fixation 
unless some agency for gene infiltration from other habitats is 
operative. ; 

Another set of closely related species involves Navarretia Jep- 
sonii, N. mitracarpa, and N. Jaredi. Navarretia mitracarpa must be 
ruled out of our discussion because it has been collected only once 
from “‘somewhere in Lake Co.,”’ and we do not know under what 
conditions it grows. Navarretia Jaredi exhibits considerable local 
variation on serpentine and other ferro-magnesian rocks of the 
South Coast Ranges. It is not, however, an inhabitant of vernal 
pools. Navarretia Jepsonii, a plant of vernally wet habitats and for 
the most part aquatic in its seedling stages, is confined to highly 
serpentinized ultra-basic intrusives. Its chief claim to distinction 
is a doubled number of capsule valves and the membranous char- 
acter of the matured capsule. Morphologically N. mitracarpa 
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forms a connecting link between N. Jepsonii and N. Jaredi. Here, 
again, is a case of speciation involving both morphological and 
physiological characters and exhibiting differences in geographic 
restriction. 

A third case in the genus Navarretia is that of N. eriocephala 
occurring on ultra-basic intrusives in Lake, Solano, and Colusa 
counties in the North Coast Ranges and across the Great Valley 
in Eldorado County on similar rock. This discontinuity is clearly 
related to the nature of the edaphic conditions. 

The distributional patterns of the members of the genus Cu- 
pressus are likewise of such a nature as to suggest a close relation- 
ship with edaphic conditions. In the Napa-Lake area both C. 
Macnabiana and C. Sargentii occur. Both are confined to serpen- 
tine and grow together at many places in the inner North Coast 
Ranges. Cupressus Sargentii occurs in highly localized spots as 
far south as Santa Barbara County, and extends into the outer 
coast ranges. Cupressus Macnabiana occurs both farther north and 
eastward than does C. Sargentii. The fact that these two plants 
grow together in parts of their ranges suggests that they can 
tolerate certain conditions in common. Their restriction must be 
related to different causes. We must not rule out the possibility 
that we may be dealing with distinct ecotypes in the various habi- 
tats. Closely related to C. Macnabiana are C. Bakeri of the Modoc 
lava beds and C. nevadensis from igneous rocks near Bodfish, Kern 
County. Since lavas are often rich in ferro-magnesian minerals 
we find here a thread of consistent edaphic pattern for the speci- 
ation in this group of closely related species. Likewise, Cupressus 
macrocarpa, C. Goveniana, and C. pygmaea occur on grano-diorites 
which are similarly rich in ferro-magnesian minerals. Possibly 
speciation throughout the genus Cupressus has followed a closely 
related edaphic pattern of environmental restriction. 

The genus Streptanthus (5) is replete with serpentine en- 
demics. Of nineteen species in California, eleven are confined 
to serpentine or other closely related ferro-magnesian rocks: S. 
Breweri occurs through the middle and inner coast ranges from 
Tehama County to San Benito County; S. glandulosus ranges from 
Colusa County to San Luis Obispo County; 8. polygaloides occurs 
along the northern Sierra Nevada foothills; the remaining eight 
species are exceedingly local in their occurrences, some being 
known only from single localities, ranging from serpentine out- 
crops in the mountains of San Benito County to the ultra-basic 
intrusives of Lake and Colusa counties. Streptanthus is another 
genus in which speciation has been concerned with selective elabo- 


ration over the edaphic environment. 
SumMMary 


Consideration of these endemics in terms of any specific local 
area soon makes one aware that many of them exceed the limits 


1946] MASON: ENDEMISM 257 


of the area and recur elsewhere in similar edaphic situations. 
These facts serve to emphasize the importance of environmental 
condition over area particularly where area is delineated on some 
historical or supposedly historical basis. It is obvious that the 
Napa-Lake area owes its high concentration of endemics to its 
great edaphic diversity and especially to the fact that this diver- 
sity involves peculiar rocks and their associated minerals. Next 
in order of importance is the presence in the area of a number of 
genera capable of elaboration over these peculiar habitats. Those 
genera which give rise to an occasional endemic species are not 
responsible for the large number of endemics. It is, on the other 
hand, such genera as Navarretia, Linum, and Streptanthus which 
develop many local species and habitat races, that build up the 
population of restricted endemics in a small area and that give the 
impression of some sort of genetic instability. It becomes clear 
that diversity in the environment must work with genetic diversity 
and must involve diverse tolerances, to produce situations such as 
that in the Napa-Lake area or in any rich floras. The paucity of 
a flora will reflect a failure of some aspect of this diversity. The 
localization of the area of any of the members of such floras is 
purely an expression or indicator of habitat conditions. The sig- 
nificant configuration of area is that which coincides with environ- 
mental conditions as these involve presence or absence or degree 
or amount, or as area may be delineated by the extremes of some 


critical conditions. ‘ 
; Department of Botany, 
University of California, Berkeley. 
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STUDIES IN THE CARYOPHYLLACEAE—II. ARENARIA 
NUTTALLII AND ARENARIA FILIORUM, 
SECTION ALSINE 


Bassett MAGuire 


A densely cespitose, low, gray-green plant growing in the 
rocky embankment of the road-cut caught our eye from the 
moving car, while Professor Holmgren and I were crossing the 
low pass of the Shoshone Range during the past field season in 
southern Nevada. The plant, just coming into flower, had the 
habit of the Montana and Wyoming plains Arenaria Hookeri, but 
the delicacy and flower character of A. Nuttallu. On two other 
oceasions we found this plant in fine condition in loose talus on 
sterile, partly denuded, low-altitude slopes, again further on in 
the Shoshone Range, and in the Toiyabe Range. 

Critical study in the herbarium confirmed our field designation 
of the plant as A. Nuttallii, but necessitated a review and redefi- 
nition of the entire species, the results of which are presented 
herein. 


1. Arenaria Nuttatiu Pax, Bot. Jahrb. 18: 30. 1893. Per- 
ennial from a deep-set taproot; multicipital, the crown branches 
numerous, frequently matted, becoming ligneous, short, or if 
buried in loose talus extensive and much branched; stems leafy, 
less than 10 cm. high, weak and diffuse or more or less cespitose, 
erect and brittle, stipitate-glandular, more or less densely so up- 
wards toward the inflorescence, scantily or not at all pubescent 
toward the base, rarely completely glabrous; leaves 5-10 mm. 
long, plane or acerose, subulate, pungent or abruptly apiculate, 
3-nerved, strict or recurved and squarrosely spreading, the pri- 
mary leaves broadly subulate, distinctly 38-nerved, abruptly 
pointed, the secondary usually acerose, indistinctly 3-nerved, the 
apex abrupt or pungent, the bases connate, particularly the lower 
long-sheathing, imbricate, or the upper internodes equaling the 
leaves; flowers few or many, sometimes reflexed, in spreading 
cymes, inflorescence more or less densely stipitate-glandular; 
sepals 3.5-6.5 mm. long, broadly to narrowly lanceolate, acumi- 
nate or pungently attenuate, 1—3-nerved, scantily or moderately 
glandular; petals shorter or conspicuously exceeding the sepals, 
narrowly or broadly elliptic, obtuse, or acutish; filaments slightly 
included, those opposite the sepals with a conspicuous basal 
gland; ovules several; capsules short, ovate-pyramidal, thin- 
walled, 3-(4)-valved, valves entire; styles 3 (4), slightly capitate ; 
seed brown to brown-black, 1.0-1.3 mm. broad, 1.25-1.75 mm. 
long, papillae transversely elongate, low, the marginal more 
prominent. 

’ Plants characteristically forming low dense mats, or some- 
tumes cespitose, on talus or loose gravelly soil, foothills to alpine 
sites, in the mountains from Alberta and British Columbia south 
to southern California, Nevada, Utah, and Wyoming. 
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In the Great Basin, in the Sierra Nevada, and in the Siskiyou 
Mountains and nearby coast ranges three fairly distinct and re- 
stricted populations have been set off. These have developed 
differences primarily in sepal, petal, leaf-form characters, and to 
some extent in habit and pubescence. The remainder of the spe- 
cies from Oregon northward, and throughout its Rocky Mountain 
range, is polymorphous in these characters, and in many indi- 
viduals is with difficulty distinguished from one or the other of the 
segregated subspecies. Within this major population, however, 
no recognizable variant has been cut off. 


Key To tHE Susspecies or A. NutraLyir 


1. Leaves ascending or strict, neither arcuate nor squar- 
rose. 

2. Leaves abruptly acute or apiculate, infrequently 

pungent; sepals acuminate, midrib not prominent. 

3. Petals shorter than the sepals; Cascade Range, 


Rockyavlountains. see astens joo se es ease la. subsp. Nuttallii. 
3. Petals longer than the sepals; north California 
coast ranges, Siskiyou Mountains ........... Id. subsp. gregaria. 


2. Leaves strongly pungent; sepals narrow, pungently 

attenuate, midrib prominent; Sierra Nevada 

LER 4 a 2 AES de so erin Se ey ee a oe EE aes Ic. subsp. gracilis. 

1. Leaves arcuate or squarrose. 

2. Sepals 3.5-5.5 (6.0) mm. long, lanceolate, sometimes 

broadly so, acuminate, I-nerved (occasionally 3- 

nerved); petals shorter than the calyx; Cascade 

Ranges Rockya\lountainsiae <...°) o 2s soe wis la. subsp. Nuttalli. 
2. Sepals 5.5-6.6 mm. long, narrowly lanceolate, pun- 

gently attenuate, 3-nerved; petals more or less 

equaling the calyx; central Great Basin ........ ib. subsp. fragilis. 


la. A. Nurratin subsp. Nuttallii Maguire, nom. nov. 4. pun- 
gens Nutt. ex Torr. & Gray, Fl. N. Am. 1: 179. 1888, as to type, 
not A. pungens Clem. 1816. A. Nuttallii Pax, in Bot. Jahrb. 18: 
30. 1893. A. Nuttallit var. gracilipes M. E. Jones, Proc. Calif. 
Acad. Sci. 5: 626. 1895. Alsinopsis occidentalis Heller, Muhlen- 
bergia 8: 96. 1912. 

Leaves mostly strict and abruptly pointed, but becoming 
recurved and pungent; sepals more or less broadly lanceolate, 
acuminate, I-nerved, rarely 3-nerved; petals shorter than the 
sepals. 

Type. “Summits of hills in the Rocky Mountain range (lat. 
41°). Stems about 4 inches high, forming considerable caespitose 
tufts. Leaves rigid, 3-nerved. Sepals unusually long and acute. 
Nuttall. Isotype at the New York Botanical Garden. 

More than 80 per cent of the specimens reviewed have ascend- 
ing, abruptly pointed leaves, and fairly broad, merely acuminate 
and 1-nerved sepals. There is a strong tendency toward depar- 
ture from these characters in the development of recurved pun- 
gent leaves and 3-nerved narrow sepals in the remaining 20 per 


cent. There is, however, no correlation between this tendency 
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and geographic segregation, nor indeed in the coincidence of the 
characters themselves. Each may appear independently of the 
other. It does seem, though, that plants of lower altitudes tend 
to develop arcuate pungent leaves and attenuate tri-nerved sepals. 
The Nuttall type is a plant of this character. 

Representative specimens. Sheep Mountains, Waterton Lake, 
Alberta, Canada, 1895, J. Macoun 10100; Bridger Mountains, Mon- 
tana, June 15, 1897, Rydberg & Bessey 4046; Glacier National 
Park, Montana, July 20, 1982, Maguire 738; Boulder Lake, Custer 
County, Idaho, July 24, 1941, Cronquist 3386; Wyoming Range, 
Sublette County, Wyoming, July 18, 1922, Payson & Payson 1922; 
Buffalo, northern Wyoming, July, 1900, Tweedy 3602; Mt. Naomi, 
Cache County, Utah, August 18, 1938, Maguire 16194; Wasatch 
Plateau, Sanpete County, Utah, August 8, 1940, Maguire 20002; 
Mt. Adams, Washington, August 10, 1882, Howell 3858 (cited as 
var. gracilipes Jones, Proc. Calif. Acad. Sci. 5: 627. 1895, but is 
entirely typical of subsp. Nuttallii) ; Fourth Creek, Chelan County, 
Washington, August 17, 1932, Thompson 8905. 

Specimens approaching subsp. fragilis in leaf and/or sepal 
characters. Yakima Region, Washington, July, 1883, Tweedy 
sine No.; Crane Mountain, Lake County, Oregon, July 11, 19386, 
Thompson 13212; Pete’s Point, Wallowa County, Oregon, July 28, 
1938, Peck 17866; Mt. Jackson, Glacier National Park, Montana, 
August 24, 1926, Somes 66; Bush Ranch, Sweetwater County, 
Wyoming, June 10, 1900, Nelson 7089; Alta, Utah County, Utah, 
August 7, 1879, Jones 1203; Rocky Mountains, Nuttall (type). 


1b. A. Nurratytu Pax subsp. fragilis Maguire & Holmgren, 
subsp. nov. Caulibus 10 em. altis, internodis foliis aequalibus; 
foliis 8-10 mm. longis, fere arcuatis pungentibusque; sepalis 
pungentibus, acuminatis, attenuatisque, 3-nerviis; petalis sepalos 
excedentibus aut brevioribus. 

Stems about 10 ecm. high, brittle, internodes equaling the 
leaves; leaves 8-10 mm. long, strongly arcuate and pungent, 
sepals pungently acuminate and attenuate, 3-nerved; petals ex- 
ceeding or somewhat shorter than the sepals. 

Type. Frequent, semi-denuded, loose caleareous soil with 
heavy clay subsoil, south-facing slopes, associated with Artemisia 
tridentata subsp. nova, O'Donnell Canyon, west slopes Paradise 
Range, 5500 feet, southwest corner Lander County, Nevada, June 
12, 1945, Maguire & Holmgren 25390. New York Botanical 
Garden. 

A vigorous population more upright and cespitose in habit 
than the other subspecies. Loose gravelly slopes at low altitudes; 
Be ens Intermountain Region from Esmeralda and Nye 

s, Nevada, Mono County, California, north to Elko and 
Humboldt counties, Nevada, and Malheur County, Oregon. 
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Representative specimens. Summit, Owens Valley, Mono 
County, California, May 22, 1897, Jones sine no.; Mt. Magruder, 
Esmeralda County, Nevada, June 26, 1941, Alexander & Kellogg 
2417; Wassuk Range, Mineral County, Nevada, June 25, 1940, 
Train 4151; Ione Pass, Shoshone Range, Nye County, Nevada, 
June 12, 1945, Maguire & Holmgren 25376; hills five miles north of 
Reno, Washoe County, Nevada, July 1, 1907, Heller 8657; Star 
Peak, West Humboldt Mountains, Humboldt County, Nevada, 
July 31, 1912, Heller 10634 (intermediate to subsp. Nuitallii) ; 
stony hills near Dry Creek, Malheur County, Oregon, June 10, 
1901, Cusick 2556. 


le. A. Nurratum Pax subsp. gracilis (Gray) Maguire, comb. 
nov. A. pungens var. gracilis Gray, Proc. Am. Acad. 29: 304. 
1894. A. Nuttall var. gracilis (Gray) Robinson, Proc. Am. Acad. 
29: 304. 1894. 

Leaves 5-8 mm. long, pungent, strict, or the primary some- 
what recurved; fascicled secondary leaves numerous; sepals 3.8— 
5.0 (6.0) mm. long, narrowly and pungently attenuate, 1-nerved, 
the nerve prominent; petals shorter than the sepals. 

Type. Mountains above Big Tree Grove, California, Bolander 
4976. Gray Herbarium. 

A compact leafy and fairly uniform population of the higher 
mountains, the central Sierra Nevada Range south to the San 
Bernardino Mountains, California. 

Representative specimens. Siberian Pass, Sierra Nevada, 
Tulare County, Hall & Babcock 5479; Big Pine Creek, Inyo 
County, July 15, 1941, Alexander & Kellogg 2573. 


Id. A. Nurrauzi Pax subsp. gregaria (Heller) Maguire, comb. 
nov. A. gregaria Heller, Bull. S. Calif. Acad. 2: 67. 1903. A. 
Nuttallii var. gregaria (Heller) Jepson, Fl. Calif. 492. 1914. 

Sometimes prominently stipitate-glandular throughout, par- 
ticularly in the inflorescence; leaves strict or occasionally some- 
what recurved, 3-8 (12) mm. long, abruptly apiculate; sepals 
3.6-4.5 (4.8) mm. long, lanceolate, acuminate, 1-nerved; petals 
exceeding the sepals. 

Type. Open stony slopes near Summit Lake, Mt. Sanhedrin, 
Lake County, California, July 15, 1902, Heller 5592. Isotype New 
York Botanical Garden. 

Plants of gravelly ridges, slopes, and talus, from Lake County, 
California, northward in the coast ranges to the Siskiyou Moun- 
tains and the Mt. Shasta region. i 

The subsp. gregaria is less uniform than either subsp. gracilis 
or subsp. fragilis, but is not so closely intergradient with subsp. 
Nuttallii as the latter. Some forms of subsp. gregaria are more 
conspicuously long glandular-pubescent than any of the other 
subspecies. Its petals consistently exceed the sepals, a develop- 
ment occurring otherwise only in subsp. fragilis. 
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Representative specimens. Scott Mountain between Trinity 
and Siskiyou counties, California, July 29, 1937, Howell 18640; 
north side Mt. Shasta, Siskiyou County, California, June 11-16, 
1897, Brown 434; Sanger Peak Lookout, Siskiyou County, Cali- 
fornia, July 7, 1939, Hitchcock & Martin 5279. 


2. Arenaria FILIoRUM Maguire, Bull. Torrey Bot. Club 73: 326. 
1946. 

Small glabrous cespitose annuals from a slender taproot; 
stems slender, numerous, 2-5 cm. high, closely branching’ from 
the base upwards, at maturity becoming reddish-purple; leaves 
usually 5-10 mm. long, triquetrous, subcrassulus, l-nerved or with 
faint lateral veins, obtuse, the pairs loosely connate at the base; 
inflorescence of 1 or mostly several flowers, the cymes not sym- 
metrical, the bracts herbaceous; the sepals 3.5-4.8 mm. long, 
ovate-lanceolate, pink becoming purplish in age, strongly 3-nerved, 
the margins narrowly scarious; petals more or less equaling, or 
shorter than, the sepals, narrow oblong-obovate, entire; stamens 
included, staminal disc broad; ovules numerous; styles 3 (4); 
capsule shorter than the sepals, firmly chartaceous, ovate, de- 
hiscing to the base by 3 retuse valves; seed numerous, 0.7—1.0 mm, 
broad, reniform, the papillae elongate, regular, low, inconspicu- 
ous, the testa dark red-brown. 

This distinct species was collected in company with my son 
on the beach of Navajo Lake, where it was common and growing 
intimately with A. rubella. 

Type locality. Common, gravelly beach, Navajo Lake, Iron 
County, Utah, July 13, 1940, Maguire 19472. New York Botani- 
cal Garden. Cotypes. Frequent, open park in aspen-spruce, 2 mi. 
north of Posey Lake, Aquarius Plateau, 10,000 ft., June 29, 1940, 
Garfield County, Utah, Maguire 20105; frequent, stony ridge and 
slopes, loose calcareous talus, head Mayfield Canyon, 4 mi. above 
Ranger Station, Maguire 19988. 

Distribution. Gravelly soils and talus, most frequently above 
10,000 ft.; the southern Colorado Rockies, the high plateaus of 
south central Utah, and the Charleston Mountains, Clark County, 
Nevada. 

Representative specimens. East Brian Head Peak, 11,000 ft., 
Iron County, Utah, June 23, 1940, Maguire 20097; near Ironton, 
San Juan County, Colorado, July 21-81, 1899, C. C. Curtis sine 
no.; Charleston Mountains, Clark County, Nevada, August 8, 
1935, Clokey 5460. 

Arenaria filiorum is habitally similar to A. rubella, and like this 
species, has strongly 8-nerved sepals. Where the two grow inti- 
mately in the same area, as frequently they do, A. filiorum even 
from a distance is instantly recognizable by its more vigorous 


growth and coarser appearance, altogether apart from distinction 
by critical characters. 
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Because of its total glabrosity and 1-nerved leaves, our plant 
may be associated with the boreal A. Rossii. However, in charac- 


ter of general habit (in the Caryophyllaceae generally of con- 
sideration) and in the important seed differences, the two stand 


as entirely distinct. 


A table of contrastive and comparative char- 


acters for these three species of Arenaria follows. 


A. rubella 


A, filiorum 


A. Rossii 


Plants wholly glandular- 
puberulent. 

Leaves 3-nerved, not 
fleshy. 

Flowers usually 3-5 in an 
open cyme. 

Pedicels slender, seldom 
exceeding 1 cm. in 
length. 

Sepals strongly 3-nerved. 


Seed 0.4-0.7 mm. wide, 
inconspicuously low- 
papillate, testa light 
red-brown. 

Circumpolar; in America 
extending south to Que- 
bec and in the Rocky 
Mountains to New 
Mexico and Arizona. 


Plants wholly glabrous. 


Leaves 1-nerved, fleshy, 
triquetrous. 


Flowers usually 3-5 in 
an open cyme. 

Pedicels slender, seldom 
exceeding I cm. in 
length. 


Sepals strongly 3-nerved. 


Seed 0.7-1.0 mm. wide, 
papillae low, elongate, 
regular, testa very 
dark red-brown. 


Apparently concentrated 
in the high plateau 
region of south cen- 
tral Utah, and in ad- 
dition known from the 
Charleston Mountains, 
southern Nevada, and 
southeastern Colorado. 


Plants wholly glabrous. 


Leaves I-nerved, plane, 
not fleshy. 


Flowers solitary. 


Pedicels capillary, 2-4 
em. long. 


Sepals I-nerved, with 
weak lateral veins. 


Seed oblong (?), 0.5— 
0.7 mm. long, light 
red-brown, almost 
smooth. 


Arctic America, and in 
the Rocky Mountains 
as far south as Wyo- 
ming (one doubtful 
record from Colo- 
rado) ; apparently 
also in easternmost 


Siberia. 
1 


New York Botanical Garden 


New York, N. Y. 


A WHITE GAILLARDIA IN TEXAS 


V. L. Cory 


In a “Revision of the Genus Gaillardia” by Susan Fry Biddulph 
(Research Studies, State College of Washington 12: 251, 1944), 
a paragraph is devoted to the treatment of the white Gaillardia 
growing in southern Hardin County, Texas, material of which 
had been sent to her by myself and later by my friend, Mr. P. A. 
Winkler, a landscape gardener and botanist of Beaumont. The 
author grew this plant in her garden, and the rays and disks were 
pure white, nevertheless she states: “Because G. lutea has also 
been collected in Hardin County, the “white Gaillardia’ may be 
only an albino form of that species.” Two collections of G. lutea, 
the yellow Gaillardia, are cited from Hardin County by Mrs. Bid- 
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dulph: the earlier having been collected at Fletcher in 1916 
(Palmer 10569), and the other being my own collection from the 
vicinity of Fletcher Lake (Cory 20067). The fact is that neither 
of these collections is the yellow Gaillardia. Mr. Palmer assures 
me that in his notebook the flowers are recorded as being white. 
and the locality of collection is the same as mine; but his collec- 
tion preceded mine by twenty years. During the four different 
years that I have botanized in Hardin County I have never seen 
specimens of the yellow Gaillardia. Mr. Winkler has botanized 
Hardin County for many years, and he assures me that he has 
never seen the yellow Gaillardia therein. Furthermore, the nearest 
recorded locality for the species is in Newton County, and all of 
the other recorded localities are at least one hundred miles away. 
Therefore it is my opinion that the white is not an albino form of 
the yellow as interpreted by Mrs. Biddulph. In my experience, 
such forms occur only along with the species. 

In October, 1945, another locality where the white Gaillardia 
occurs was visited and the plants were studied. In this locality 
which is also on a tributary of Village Creek two and one-half 
miles west of Silsbee and five miles north of the other localities, 
the plants showed a different aspect. Instead of being erect and 
about three decimeters tall, the stems were sprawling and as 
much as nine decimeters long. Most of the plants bore white 
flowers (Cory 49879) but in one limited locality were several 
plants with pink rays (Cory 49885). Without opportunity to ob- 
serve the behavior of the pink-flowered form under cultivation, 
I shall content myself by merely calling its existence to attention. 

Even though it is an endemic plant restricted to a limited area, 
the white Gaillardia is so closely related to the yellow Gaillardia 
that it seems proper to designate it as a variety of that species. 
In gratitude for his responsibility in making us acquainted with 
the white Gaillardia and with the localities where it grows, I wish 
to dedicate this new variety to my friend, Mr. P. A. Winkler. 


Gaitiarpia LuTEA Greene var. Winkleri var. nov. <A specie 
differt corollis ligulatis discoideisque albis. 

Type. Vicinity of Fletcher Lake, about five miles south of 
Silsbee, Hardin County, Texas, September 15, 1936, Cory 20067 
(Gray Herbarium, Harvard University). 

The Winkler Gaillardia is showy and merits use as an orna- 
mental in areas where gaillardias thrive; the species, on the other 
hand, does not command attention. 

An albino form of Gaillardia pulchella was described in 1914 by 
Cockerell (Gard. Chron., ser. 3, 55: 67. 1914). It was apparently 
no more than just that, for it is not mentioned in the latest edition 
of “The Standard Cyclopedia of Horticulture” by L. H. Bailey, 


nor is there any mention therein of any white Gaillardia. 


Institute of Technology and Plant Industry, 
Southern Methodist University, Dallas, Texas. 
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For classified items see: Biographical articles, Chromosome numbers, Re- 


views. 


Abies: bracteata, 178, Bibliographic 
notes on, 177; grandis, 177; nobi- 
lis, 177; Smithiana, 178, 179; 
venusta, 178 

Achnanthaceae, 169 

Achnanthes: lanceolata, 169; marginu- 
lata, 169 

Acrochaetium Thuretii, 93, var. agama, 
93 

Additions to the oak flora of El Salva- 
dor, 111 

Aegochloa, 66 

Agrostis: humilis, 161; Rossae, 161 

Algae, List of, chiefly from the alpine 
zone of Longs Peak, Colorado, 161 

Alopecurus: aequalis, 161; geniculatus, 
161 

Alsinopsis occidentalis, 259 

Amelanchier, 33, 35; alnifolia var. Co- 
villei, 58, var. utahensis, 57; Co- 
villei, 57; denticulata, 36, var. 
nervosa, 38, var. psilantha, 38; 
nervosa, 34; nitens, 57, 58; ore- 
ophila, 58; paniculata, 34, 38; 
Pringlei, 34, 37; utahensis, 34, 57, 
subsp. Covillei, 57, subsp. ore- 
ophila, 57, 58 

Anacystis: marginata, 163; 
cystis, 163; rupestris, 163 

Ankistrodesmus falcatus, 172 

Anthochloa, 6 

Aphanocapsa rivularis, 163 

Arenaria: filiorum, 258, 262, 263; gre- 
garia, 261; Hookeri, 258; Nuttallii, 
258, 259, subsp. fragilis, 259, 260, 
var. gracilipes, 260, subsp, graci- 
lis, 259, 261, var. gracilis, 261, 
subsp. gregaria, 259, 261, var. gre- 
garia, 261, subsp. Nuttallii, 259; 
pungens, 259, var. gracilis, 261; 
Rossii, 263; rubella, 262, 263 

Argythamnia: A new, from Texas, 91; 
aphoroides, 92; argyraea, 92 

Araucaria Cunninghamii, 178 

Aronia, 34 

Ascochyta Fremontiae, 40 

Aster: A new, from Yukon, 97; al- 
pinus, 97; campestris, 97; modes- 
tus, 98; novae-angliae, 98; sibiri- 
cus, 97; yukonensis, 98 

Asterococcus superbus, 170 

Astragalus, 252: Two tioid, novelties 
from the Rocky Mountain region, 
99; racemosus, 99, var. Treleasei, 


Penio- 


New scientific names are printed in bold-face type. 


99, 100, fig., 101, var. typicus, 99, 
100; Schmollae, 100, fig., 101 
Avena Smithii, 14 


Baird, V. B., Viola odorata in Califor- 
nia, 207 

Barkley, F. A., and B. C. Tharp, Note- 
worthy plants of Texas. IV. 
Pediomelum Rydberg, 48 

Beetle, A. A., A new alpine Glyceria 
from California, 160 

Benson, L., Review: A synopsis of the 
North American species of Del- 
phinium, 204 

Berendtia laevigata, 234, 236, pl., 235 

Berendtiella, 234 

Bibliographic notes on Abies bracte- 
ata and Pinus Coulteri, 177 

Biographical articles: Cory, V. L., 54; 
Gilman, M. E., 27; Gough, L. C., 
50; Jones, K. D., 184; Parks, 
H. B., 49; Webber, H. J., 193 

Bowerman, M. L., Review: Nevada 
trees, 201 

Boyle, W. S., A cyto-taxonomic study 
of the North American species of 
Melica, 1 

Bromelica, 7, 8: aristata, 14; Geyeri, 
12, var. Howellii, 12; Harfordii, 
12, var. minor, 12; Smithii, 14; 
subulata, 11 

Bromus subulatus, 11 


California: A new alpine Glyceria 
from, 160; A new Nolina from 
southern, 179; A new species of 
Linum from the Coast Ranges of, 
143; Viola odorata in, 207 

Callocolax: fungiformis, 94; globu- 
losis, 94, figs., 95; neglectus, 94 

Callophyllis: edentata, 94; laciniata, 94 

Calothrix parietina, 167 

Carter, A., Type localities and man- 
made lakes, 176 

Caryophyllaceae, Studies in, II. Are- 
naria Nuttallii and Arenaria fili- 
orum, section Alsine, 258 

Castilleja linariaefolia var. omnipu- 
bescens, 61, f. omnipubescens, 61 

Central American, West Indian and 
.Mexican Lepidia, 118 

Ceanothus, 250 

Cephalotaxus Harringtonia, 178 

Ceratoneis arcus, 169 
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Chaenomeles, 35 

Chaetogilia, 67 

Chaetophoraceae, 171 

Chamaesiphon: incrustans, 163; po- 
lonicus, 164; Rostafinslii, 164 

Chamaesiphonaceae, 163 

Chantransia Thuretii var. agama, 93 

Chara contraria, 173 

Characeae, 173 

Charleston Mountains, Clark County, 
Nevada, Notes on the flora of. 
VI, 56 

Chase, A., Enneapogon Desvauxii and 
Pappophorum Wrightii, an agros- 
tological detective story, 187 

Chondrachyrum, 8 

Chlamydomonadaceae, 170 

Chlamydomonas: nivalis, 170; yellow- 
stonensis, 170 

Chlorella vulgaris, 172 

Chlorococcaceae, 172 

Chlorococcum humicola, 172 

Chromosome numbers: Elymus, 47; 
Melica, 2, 3 

Chroococcaceae, 162 

Chroococcus turgidus, 162 

Citrus, 193 

Clokey, I. W., Notes on the flora of 
the Charleston Mountains, Clark 
County, Nevada. VI, 56 

Coccomyxaceae, 171 

Collinsia californica, 94 

Collomia: diversifolia, 251, 254; heter- 
ophylla, 66, 67, 254 

Colorado, A list of algae chiefly from 
the alpine zone of Longs Peak, 161 

Comparison of ancient and modern 
Sequoia wood, 145 

Constance, L., Review: The botanical 
collections of Wilhelm N. Suks- 
dorf, 1850-1932, 63 

Cory, V. L.: A new Argythamnia 
from Texas, 91; A white Gail- 
lardia in Texas, 263 

Cory, V. L., biographical sketch of, 54 

Coscinodiscaceae, 168 

Cotoneaster: denticulata, 33, 34, 36, 
var. latifolia, 38; nervosa, 34, 38 

Courtoisia, 67 

Crataegus, 34: inermis, 37; minor, 37 

Cronquist, A., A new Aster from 
Yukon, 97 

Cundy, P. F., A comparison of ancient 
and modern Sequoia wood, 145 

Cupressus: Bakeri, 256; Goveniana, 
256; horizontalis, 178; Macnabi- 
ana, 256; macrocarpa, 212, 256; 
nevadensis, 256; pygmaea, 256; 
Syppentl, 251, 256; sempervirens, 
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Cydonia, 35 

Cylindrocystis Brebissonii, 173 

Cylindrospermum majus, 166 

Cyto-taxonomic study of the North 
American species of Melica, 1 


Dalucum, 8 

Dawson, E. Y., Notes on Pacific Coast 
marine algae. III, 93 

Desmidiaceae, 173 

Desmonema Wrangelii, 167 

Diatomaceae, 168 

Diseases of Fremontia, 39 

Docynia, 35 

Downingia, 253 

Draparnaldia acuta, 171 E 

Dudleya: arizonica, 56; pulverulenta 
subsp. arizonica, 57 


Echeveria: arizonica, 56; pulverulenta 
subsp. arizonica, 56 

Edaphic factor in narrow endemism: 
I. The nature of environmental 
influences, 209; II. The geographic 
occurrence of plants of highly re- 
stricted patterns of distribution, 
241 

Elymus: notes on the genus, 42; cine- 
reus, 42, 43, 45, California range 
of, fig., 44, chromosome number 
of, 47; condensatus, 42, 43, 46, 
chromosome number of, 47, distri~ 
bution of, fig., 44, var. pubens, 
45; Orcuttianus, 45; triticoides, 
42, 43, 45, California range of, fig., 
44, chromosome number of, 47, 
subsp. multiflorus, 43, 46, chromo- 
some number of, 47, distribution 
of, fig., 44 

Endemism, The edaphic factor in nar- 
row, 209, 241 

Enneapogon, 187: borealis, 189; Des- 


vauxii, 187, and Pappophorum 
Wrightii, an agrostological detec- 
tive story, 187; gracilis, 187; 


Wrightii, 187 

Ephebe solida, 167 

Ephedra: Clokeyi, 56; fasciculata, 56, 
var. Clokeyi, 56 

Eriastrum, 69: The genus, and the 
influence of Bentham and Gray 
upon the problem of generic con- 
fusion in Polemoniaceae, 65; ideo- 
graphs of flowers of, pl. 71; 
Abramsii, 73, 90, 252; Brande- 
geae, 73, 88, 89; densifolium, 72, 
73, subsp. austromontanum, 74, 
subsp. elongatum, 173, subsp. 
mohavensis, 74, subsp. sanc- 
torum, 75; diffusum, 72, 76, subsp. 
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Harwoodii, 77, subsp. Jonesii, 77; 
eremicum, 72, 76, 77, 78, subsp. 
Yageri, 78; filifolium, 69, 72, 84, 
86, 88, 89; Hooveri, 73, 89; lu- 
teum, 72, 81, 82; pluriflorum, 72, 
75, 76, subsp. Sherman-Hoytae, 
75; sapphirinum, 72, 79, subsp. 
ambiguum, 80, 82, subsp. dasy- 
anthum, 80, subsp. gymnocepha- 
lum, 80; sparsiflorum, 73, 84, 86, 
89; Tracyi, 73, 87; virgatum, 72, 
79, 84; Wilcoxii, 73, 82, 84, 85, 
86, 87 

Eriobotrya, 34 

Eryngium, 253 

Eumelica, 7, 8 

Eunotia: monodon, 169; praerupta, 
169; robusta, 169; tridentula var. 
perminuta, 169 

Eunotiaceae, 169 


Festuca scabrella, 26 

Five new species of Navarretia, 196 

Fragilaria Vaucheria, 168 

Fragilariaceae, 168 

Fremontia: Diseases of, 39, pl., 41; 
californica, 40; mexicana, 40, 42; 
napensis, 40 


Gaillardia: lutea var. Winkleri, 264; 
pulchella, 264; A white, in Texas, 
263 

Gelidium pyramidale, 93 

Gentry, H. S., A new Nolina from 
southern California, 179 

Gilia, 66, 69: Brauntonii, 75; densi- 
folia, 73, var. austromontana, 74, 
var. elongata, 73, var. mohavensis, 
74, var. sanctora, 75, var. typica, 
73; elongata, 73; eremica, 77, 78, 
var. arizonica, 78, var. typica, 78, 
var. Yageri, 77, 78, var. zionis, 78; 
filifolia, 84, var. diffusa, 76, var. 
Harwoodii, 77, var. sparsiflora, 86, 
var. typica, 84; floccosa, 65, 81, 85, 
var. ambigua, 81, var. dasyantha, 
81, var. filifolia, 84; floribunda, 
75; Huegelia, 73; lutea, 81; lutes- 
cens, 81; multicaulis, 80; peduncu- 
laris, 80; pluriflora, 75; sapphirina, 
79; Sherman-Hoytae, 75; sparsi- 
flora, 86; tricolor, 80, var. longi- 
pedicellata, 80; virgata, 84, var. 
ambigua, 81, var. dasyantha, 80, 
var. filifolia, 84, var. floccosa, 81, 
85, var. floribunda, 75, subsp. 
gymnocephala, 80, var. oligantha, 
80, var. sapphirina, 79, var. typica, 

84, var. Yageri, 77, 78; Wilcoxii, 
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Gilman, M. French, 27, fig., 27 

Gleason, H. A., Two species of Mi- 
conia from Salvador, 189 

Gloeocapsa: granosa, 163; 
163; violacea, 162 

Gloeocystis vesiculosa, 170 

Glyceria, 6: californica, 161; A new 
alpine, from California, 160 

Gough, L. C., biographical sketch of, 
50 

Gould, F. W., Notes on the genus 
Elymus, 42 

Gymnosteris, 67 


Hansen, H. N., and H. E. Thomas, 
Diseases of Fremontia, 39 

Hanizschia amphioxys, 169 

Heiser, C. B., Jr., A “new” cultivated 
sunflower from Mexico, 226 

Helianthus: annuus, 226; lenticularis, 
226 

Hendersonia, fig., 41: Fremontiae, 40 

Hesperomeles, 34 

Hitchcock, C. L.: An abnormal pep- 
pergrass, 29; The Mexican, Cen- 
tral American, and West Indian 
Lepidia, 118 

Holmesia: californica, 96; capensis, 96 

Huegelia, 66, 69: Abramsii, 90; Braun- 
tonii, 75; densifolia, 73, subsp. 
austromontana, 74, var. mohaven- 
sis, 74, var. sanctora, 75; diffusa, 
76, var. Harwoodii, 77; elongata, 
73; eremica, 78; filifolia, 84, var. 
floccosa, 81, 85, var. sparsiflora, 
86; floccosa, 81, 85; Hooveri, 89; 
lanata, 76; lutea, 81; pluriflora, 
75; virgata, 84, var. ambigua, 81, 
var. dasyantha, 80, var. ffoccosa, 
81, 85, var. sapphirina, 79 

Hyalotheca dissiliens, 173 

Hydruraceae, 168 

Hydrurus foetidus, 168 


magma, 


Introduction of Viola lanceolata into 
the Pacific Northwest, 191 

Ipomopsis, 67 

Iridaea californica, 94 

Iridophycus: californicum, 94; san- 
guineum, 94 


Jones, G. N., Malacomeles, a genus of 
Mexican and Guatemalan shrubs, 
33 

Jones, Katherine Davies, 1860-1943, 
184 

Juniperus: chinensis, 178; excelsa, 178 


Keck, D. D., Bibliographic notes on 
Abies bracteata and Pinus Coul- 
teri, 177 
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Kiener, W., A list of algae chiefly 
from the alpine zone of Longs 
Peak, Colorado, 161 

Knobcone and Monterey pines, The 
fertile species hybrid between, 157 

Koeleria cristata, 161 


Langloisia, 67 

Lepidia, The Mexican, Central Ameri- 
can, and West Indian, 118 

Lepidium: flowers and fruits of, pls., 
129, 135; teratological specimens 
of, pl. 30; auriculatum, 125; 
austrinum, 138, var. conspicui- 
florum, 138, var. orbiculare, 138; 
bipinnatifidum, 122, 125; costari- 
cense, 119, 122, fig., 135, var. 
Friedrichsthalii, 123, fig., 135; 
densiflorum, 127, 133, 139, var. 
ramosum, 139; dictyotum, 133, 
140; filicaule, 119, 142, fig., 135; 
flavum, 118; Fremontii, 118; Ger- 
lofianum, 118, 121, 122, fig., 134; 
Humboldtii, 122; lasiocarpum, 
119, 131, 132, 134, 138, var. austri- 
num, 136, var. georginum, 133, 134, 
137, fig., 135, var. latifolium, 133, 
136, var. orbiculare, 131, 133, 138, 
fig., 135, subsp. Palmeri, 134, 140, 
var. Palmeri, 133, 140, var. rosu- 
latum, 133, 137, var. tenuipes, 130, 
LSS Vat elyDICUmMnl oo. loll ots 
138, 140, var. Wrightii, 133, 140; 
latifolium, 118, 120, fig., 129; 
latipes, 140; montanum, 118, var. 
alyssoides, 119, fig., 129; monti- 
cola, 121, fig., 129; nitidum, 118, 
121, fig., 129; oblongum, 119, 124, 
133, var. insulare, 125, fig., 135, 
var. typicum, 125, fig., 135; Pal- 
meri, 134, 140; perfoliatum, 118; 
pinnatisectum, 119, 140, 143, fig., 
135; ramosissimum, 119, 124; re- 
ticulatum, 125, var. Karwinsky- 
anum, 125; ruderale, 119, 124, fig., 
129; sativum, 118, 120, fig., 129; 
Schaffneri, 29, 119, 121, 124, figs., 
30, 129; sordidum, 118, 120, fig., 
129; Thurberi, 118, 120, fig., 129; 
virginicum, 119, 121, 126, 141, 142, 
var. centrali-americanum, 127, 
128, var. durangense, 127, 130, 
subsp. eu-virginicum var. pinnati- 
sectum, 140, var. medium, 127, 128, 
var. Menziesii, 127, var. pinnati- 
sectum, 140, var. pubescens, 127, 
128, 130, 133, 134, 138, fig., 135, 
var. Robinsonii, 127, 132, var. 
tepicense, 119, 127, 132, fig., 135, 
var. typicum, 127, fig., 134 
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Leptodactylon pungens, 66 

Leptosiphon, 67 

Liagora californica, 93 

Libocedrus decurrens, 254 

Linanthus, 66 

Linum, 250, 252: bicarpellatum, 143, 
251; Clevelandii, 144; A new spe- 
cies of, from the Coast Ranges of 
California, 143 

List of algae chiefly from the alpine 
zone of Longs Peak, Colorado, 161 

Loeselia, 67 

Longs Peak, Colorado, A list of algae 
chiefly from the alpine zone of, 161 

Loranthophycus californicus, 96 

Lyngbya: Diguetii, 164; versicolor, 164 


McMinn, H. E., Status of the section 
Tropanthus Grant in Mimulus of 
Scrophulariaceae, 234 

McMinn, H. E., Review: Hayfever 
plants: their appearance, distribu- 
tion, time of flowering, and their 
role in hayfever, with special 
reference to North America, 201 

McVaugh, R., Review: American spe- 
cies of Amelanchier, 237 

Maguire, B., Studies in the Caryophyl- 
laceae. II. Arenaria Nuttallii and 
Arenaria filiorum, section Alsine, 
258 

Maiz de teja, fig., 227 

Malacomeles, 35: A genus of Mexican 
and Guatemalan shrubs, 33; den- 
ticulata, 34, 36; nervosa, 36, 38 

Malus, 35 

Marine algae, notes on Pacific Coast, 
III, 93 

Martin, J. S.: Notes on Trifolium erio- 
cephalum Nuttall, 152; Trifolium 
monanthum Gray, 230 

Mason, H. L.: Five new species of 
Navarretia, 196; The edaphic fac- 
tor in narrow endemism. I. The 
nature of environmental influ- 
ences, 209, II. The geographic 
occurrence of plants of highly 
restricted patterns of distribution, 
241; The genus Eriastrum and the 
influence of Bentham and Gray 
upon the problem of generic con- 
fusion in Polemoniaceae, 65 

Mason, H. L., Review: Experimental 
studies on the nature of species. 
II. Plant evolution through amphi- 
ploidy and autoploidy with exam- 
ples from the Madiinae, 102 

Mason, H. L., and W. P. Stockwell, A 
new pine from Mount Rose, Ne- 
vada, 61 
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Melica: chromosomes of, pl. 3; A 
cyto-taxonomic study of the North 
American species of, 1; distribu- 
tion in North America, figs., 13, 
18; acuminata, 11; alba, 22; altis- 
sima, 22; anomala, 25; argentea, 
25, 26; aristata, 4, 8, 14, distribu- 
tion in North America, fig., 18; 
bella, 17, intonsa, 17; bromoides 
var. Howellii, 12; bulbosa, 2, 7, 10, 
16, 17, 19, chromosomes of, 3, dis- 
tribution in North America, fig., 
18, var. caespitosa, 17, var. inflata, 
10, 19, distribution in North 
America, fig., 18; californica, 1, 4, 
5, 6, 7, 9, 16, distribution in North 
America, fig., 18, var. nevadensis, 
17, distribution in North America, 
fig., 18; colpodioides, 20; diffusa, 
22, var. nitens, 23; frutescens, 2, 
7, 10, 21, chromosomes of, 3, dis- 
tribution in North America, fig., 
18; fugax, 2, 7, 9, 15, chromosomes 
of, 3, distribution in North Amer- 
ica, fig., 18, var. inexpansa, 15, 
madophylla, 15, var. madophylla, 
15; Geyeri, 2, 9, 11, 12, chromo- 
somes of, 3, distribution in North 
America, fig. 18; glabra, 22; 
Hallii, 26; Harfordii, 2, 6, 8, 12, 
14, chromosomes of, 3, distribution 
in North America, fig., 18, var. 
minor, 12, var. tenuior, 12, var. 
tenuis, 12, var. viridifolia, 12; im- 
perfecta, 1, 2, 4, 5, 6, 10, 16, 20, 
chromosomes of, 3, distribution in 
North America, fig., 18, var. flexu- 
osa, 20, var. minor, 20, var. pubens, 
20, var. refracta, 20, var. sesqui- 
flora, 19; inflata, 19; longiligula, 
16; Macbridei, 15; macrantha, 26; 
montezumae, 1, 6, 10, 22, distribu- 
tion in North America, fig., 13; 
Muhlenbergiana, 22; multinervosa, 
26; mutica, 2, 6, 11, 22, chromo- 
somes of, 3, distribution in North 
America, fig., 13, var. diffusa, 22, 
f. diffusa, 22, var. glabra, 22, var. 
parviflora, 24; nana, 26; nitens, 2, 
7, 11, 22, 23, chromosomes of, 3, 
distribution in North America, 
fig., 13; Pammeli, 11; panicoides, 
20; Parishii, 20; parviflora, 25; 
poaeoides, 16, 20, var. inflata, 19; 
Porteri, 2, 7, 11, 24, chromosomes 
of, 3, distribution in North Amer- 
ica, fig., 13, var. laxa, 25, distribu- 
tion in North America, fig., 13; 
purpurascens, 26; racemosa, 22; 
rariflora, 22; retrofracta, 14; 
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seabra, 23; scabrata, 15; Smithii, 
1, 6, 8, 14, distribution in North 
America, fig., 13; speciosa, 22; 
spectabilis, 1, 7, 9, 15, distribution 
in North America, fig., 18; striata, 
26; stricta, 2, 11, 24, chromosomes 
of, 3, distribution in North Amer- 
ica, fig., 18, var. albicaulis, 24, 
distribution in North America, 
fig., 18; subulata, 4, 6, 9, 11, distri- 
bution in North America, fig., 18; 
Torreyana, 1, 2, 4, 5, 6, 7, 10, 19, 
chromosomes of, 3, distribution in 
North America, fig., 18 

Melosira ambigua, 168 

Meridion circulare, 168 

Meridionaceae, 168 

Mesotaeniaceae, 173 

Mespilus, 34: denticulata, 36 

Mexican, Central American and West 
Indian Lepidia, 118 

Mexico, A “new” cultivated sunflower 
from, 226 

Miconia: Two species of, from Salva- 
dor, 189; biperulifera, 189, 190; 
brachygyna, 189; hemenostigma, 
189, 191; minuta, 189; purulensis, 
189, 191; sterilis, 190; theaezans, 
190; Tuckeri, 190 

Microcoleus: lacustris, 165; vaginatus, 
165 

Microcycas calocoma, 221 

Microspora: amoena, 171; Willeana, 
171 

Microsporaceae, 171 

Mimulus: (of Scrophulariaceae), 
status of the section Tropanthus 
Grant in, 234; Treleasei, 234, 236, 
pl., 235 

Muhlenbergia longiligula, 25 

Muller, C. H., and J. M. Tucker, Addi- 
tions to the oak flora of El Salva- 
dor, lll : 

Munz, P. A., M. French Gilman, 27 

Monterey and knobcone pines, the fer- 
tile species hybrid between, 157 


Nagelia, 35 

Nagelia, 35: denticulata, 34, 36, var. 
nervosa, 38, var. psilantha, 38; 
Pringlei, 37 

Navarretia, 66, 69, 250, 252: Five new 
species of, 196; Abramsii, 90; 
Bakeri, 198, 255; Bowmanae, 196; 
cotulaefolia, 196; densifolia, 73, 
subsp. elongata, 73, var. jacum- 
bana, 78, var. lanata, 84; erio- 
cephala, 196, 256; filifolia, 84, var. 
diffusa, 76, subsp. eufilifolia, 84, 
subsp. sparsiflora, 86; floccosa, 81, 
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85; heterandra, 197; Jaredi, 255; 
Jepsonii, 255; leucocephala, 198; 
lutea, 81; lutescens, 81; minima, 
198; mitracarpa, 255; pauciflora, 
200, 255; plieantha, 199, 255; pro- 
strata, 198, 255; virgata, 84, var. 
dasyantha, 80, subsp. floccosa, 81, 
85, var. floribunda, 75, var. sap- 
phirina, 79 

Naviculaceae, 169 

Nevada: A new pine from Mount 
Rose, 61; Notes on the flora of 
the Charleston Mountains, Clark 
County, VI, 56; Stipa arida in, 


206 

New alpine Glyceria from California, 
160 

“New” cultivated sunflower from 


Mexico, 226 

New Mexico, The Navajo Yucca, a 
new species from, 105 

New Nolina from southern California, 
179 

New species of Linum from the Coast 
Ranges of California, 143 

Nitzschiaceae, 169 

Nolina: Beldingii, 182; Bigelovii, 182; 
interrata, 181, figs. 180, 183; 
microcarpa, 182; A new, from 
eS California, 179; Palmeri, 
182 

Nostoc: commune, 166; 
166; parmelioides, 166 

Nostocaceae, 166 

Notes and News, 144, 176, 206, 240 

Notes on the flora of the Charleston 
Mountains, Clark County, Nevada. 
VI, 56 

Notes on the genus Elymus, 42 

Notes on Pacific Coast marine algae. 
Ill, 93 

Notes on Trifolium eriocephalum Nut- 
tall, 152 

Noteworthy plants of Texas. IV. 
Pediomelum Rydberg, 48 


Oak flora of El Salvador, Additions 
to, 111 

Odontidium: anceps, 168; hiemale, 168, 
var. mesodon, 168 

Oocystaceae, 172 

Oscillatoria: amphibia, 164; 
164; proboscidea, 164 

Oscillatoriaceae, 164 

Osteomeles, 34 

Ourococcus bicaudatus, 171 

Seppe ys M., Review: Flora of Illinois, 
Ad 


Palmellaceae, 170 


muscorum, 


limosa, 
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Panicum aciculare, 188 

Pappophorum Wrightii and Enneapo- 
gon Desvauxii, an agrostological 
detective story, 187 

Parks, H. B., biographical sketch of, 
49 

Pedicularis semibarbata, 60, 
charlestonensis, 60 

Pediomelum: type specimens of, pls., 
51, 53, 55; caudatum, 48, 50, pl. 
55; Coryi, 49, 54, pl., 53; cuspi- 
datum, 48, 50; cyphocalyx, 48; 
esculentum, 48; Goughae, 49, 50, 
pl. 51; humile, 49; hypogaeum, 
48; Parksii, 48, 49, pl., 55; Rever- 
chonii, 48; rhombifolium, 49, 56; 
scaposum, 48; Sonorae, 56, pl., 53; 
subulatum, 48; trinervatum, 52, 
pl., 51 

Pediomelum Rydberg, Noteworthy 
plants of Texas. IV, 48 

Peppergrass, An abnormal, 29 

Peraphyllum, 33, 35 

Phlox, 66 

Phormidium: ambiguum, 164; autum- 
nale, 164; subfuscum, 164, var. 
Joannianum, 164; uncinatum, 164 

Photinia, 34 

Phytophthora cactorum, 39 

Picea: Morinda, 178; sitchensis, 177 

Pikea pinnata, 93 

Pine, new, from Mount Rose, Nevada, 
61 

Pinnularia borealis, 169 

Pinus: attenuata, 157, 159; attenuradi- 
ata, 160; bracteata, 178; Brutia, 
178; bruttia, 178; cembroides, 
178; Coulteri, 178, and Abies brac- 
teata, Bibliographic notes on, 177; 
Douglasii, 177, 178; dumosa, 177, 
178; Gerardiana, 177, 178; gran- 
dis, 177; Jeffreyi, 61; Lamberti- 
ana, 254; Llaveana, 178; Menziesii, 
177; monticola, 177; muricata, 
179; nobilis, 177; ponderosa, 254; 
radiata, 157, 159, 179; Sabiniana, 
177; tuberculata, 179; venusta, 
178; washoensis, 62 

Pinus: The fertile species hybrid be- 


subsp. 


tween knobcone and Monterey 
pines, 157 
Plectonema: Nostocorum, 165; purpu- 
reum, 166 
Pleonosporium squarrosum var. obo- 
vatum, 96 


Pleuropogon, 6 
Poa: macrantha, 26; Pringlei, 25; 
rupicola, 161; Suksdorfii, 161 
pe Ue W., Stipa arida in Nevada, 
6 
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Polemoniaceae, The genus Eriastrum 
and the influence of Bentham and 
Gray upon the problem of generic 
confusion in, 65 

Polemonium, 67 

Porter, C. L., Two tioid Astragalus 
novelties from the Rocky Moun- 
tain region, 99 

Prasiola, 171 

Prionitis, 93: filiformis var. delicatula, 
94; guaymasensis, 93; kinoensis, 
94; mexicana, 93 

Pseudotsuga taxifolia, 177 

Psoralea esculenta, 48 

Pterocladia pyramidale, 93 

Pyracantha, 34 

Pyrus, 35 


Quercus: acatenangensis, 111, 115, 117; 
conspersa, 117; durata, 251; es- 
esmilensis, 115, pls., 113, 116; 
eugeniaefolia, 111, 114; flagellifera, 
111, 115; hondurensis, 111, 114; 
oocarpa, 111, 112; peduncularis 
var. sublanosa, 111, 112; sapotae- 
folia, 111, 114; Seemanni, 111, 114, 
117; Skinneri, 111, 115; vicenten- 
sis, 111, 112 


Reed, H. S., Herbert John Webber, 
193 

Reviews: Billings, Nevada trees, 201; 
Cain, Foundations of plant geog- 
raphy, 31; Clausen, Keck, and 
Heisey, Experimental studies on 
the nature of species. II. Plant 
evolution through amphiploidy and 
autoploidy with examples from 
the Madiinae, 102; Ewan, A sy- 
nopsis of North American species 
of Delphinium, 204; Jones, Ameri- 
can species of Amelanchier, 237; 
Jones, Flora of Illinois, 103; 
Martinez, Las Pindceas Mexi- 
canas, 173; Richens, Forest tree 
breeding and genetics, 205; Weber, 
The botanical collections of Wil- 
helm N. Suksdorf, 1850-1932, 63; 
Wodehouse, Hayfever plants: 
their appearance, distribution, 
time of flowering, and their role 
in hayfever, with special refer- 
ence to North America, 201 

Rhodocorton Thuretii var. agama, 93 

Rhodymenia: pacifica, 96, figs., 95; 
palmetta, 96; rhizoides, 96 

Rhodymeniocolax botryoidea, 96, figs., 
95 
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Righter, F. I., and W. P. Stockwell, 
Pinus: the fertile species hybrid 
between knobcone and Monterey 
pines, 157 

Rivulariaceae, 167 

Rocky Mountain region, Two tioid 
Astragalus novelties from, 99 


Salvador: Additions to the oak flora 
of, 111; Two species of Miconia 
from, 189 

Schizachne, 6: purpurascens, 7, 26 

Schizogoniaceae, 171 

Schizogonium, 171 

Schizothrix: fragilis, 165; Heufleri, 
165; lacustris, 165; Muelleri, 165; 
purcellii, 165; tinctoria, 165 

Schultz, J. H., Introduction of Viola 
lanceolata into the Pacific North- 
west, 191 

Scirpus Clementis, 161 

Scytonema: figuratum, 166; Hof- 
mannii, 166; ocellatum, 166; toly- 
potrichoides, 166 

Scytonemataceae, 166 

Septoria angularis, 42, fig., 41 

Sequoia: gigantea, 145, structure of, 
figs., 148, 149; sempervirens, 218; 
wood, A comparison of ancient 
and modern, 145 

Sharsmith, H. K., A new species of 
Linum from the Coast Ranges of 
California, 143 

Solorina crocea, 163, 165 

Sorbus, 34 

Status of the section Tropanthus 
Grant in Mimulus of Scrophu- 
lariaceae, 234 

Stebbins, G. L., Jr., Review: Founda- 
tions of plant geography, 31 

Stichococeus: bacillaris, 171; subtilis, 
We 

Stigonema: mamillosum, 167; minu- 
tum, 167; panniforme, 167; tur- 
faceum, 167 

Stigonemataceae, 167 

Stipa arida in Nevada, 206 

Stockwell, W. P., Review: Forest tree 
breeding and genetics, 205 

Stockwell, W. P., and H. L. Mason, A 
new pine from Mount Rose, Ne- 
vada, 61 

Stockwell, W. P., and F. I. Righter, 
Pinus: the fertile species hybrid 
between knobcone and Monterey 
pines, 157 

Stranvaesia, 34 

Streptanthus, 252: Breweri, 256; glan- 
dulosus, 256; polygaloides, 256 
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Studies in the Caryophyllaceae. Il. 
Arenaria Nuttallii and Arenaria 
filiorum, section Alsine, 258 


Sunflower: Hopi, 228; maiz de teja, 
228, pl., 227; Mammoth Russian, 
228; A “new” cultivated, from 


Mexico, 226 
Symmes, M., Katherine Davies Jones, 
1860-1943, 184 
Symploca muscorum, 165 
Synechococcus aeruginosus, 163 


Taxus Harringtonia, 178 

Tetraspora gelatinosa, 170 

Tetrasporaceae, 170 

Texas: A new Argythamnia from, 91; 
Noteworthy plants of, IV.’ Pedi- 
omelum Rydberg, 48; A _ white 
Gaillardia in, 263 

Tharp, B. C., and F. A. Barkley, Note- 
worthy plants of Texas. IV. 
Pediomelum Rydberg, 48 

Thomas, H. E., and H. N. Hansen, 
Diseases of Fremontia, 39 

Threbouxia Cladoniae, 172 

Tolypothrix: conglutinata, 167; peni- 
cillata, 167; tenuis, 167 

Tribonema bombycinum, 168 

Tribonemataceae, 168 

Trifolium: arcuatum, 153, 154, 156, 
var. Cusickii, 156, var. harneyense, 
156, f. harneyense, 156; eriocepha- 
lum, 152, 153, var. arcuatum, 153, 
f. arcuatum, 153, 156, var. Butleri, 
153, var. Cusickii, 153, 156, 157, 
distribution Of, fig ldo. evan: 
Piperi, 153, 154, 157, distribution 
of, fig., 155, var. typicum, 153, 
distribution of, fig., 155, var. vil- 
liferum, 153, 156, distribution of, 
fig., 155, f. villiferum, 156; erio- 
cephalum Nuttall, Notes on, 152; 
Grantianum, 231; harneyense, 156; 
monanthum, 230, var. Eastwoodi- 
anum, 230, 231, 233, distribution 
of, fig., 232, var. Grantianum, 230, 
231, 233, distribution of, fig., 232, 
var. parvum, 230, 232, distribution 
of, fig., 232, f. glabrifolium, 232, 
fe spatiosum, 230, tenerum, 231, 
233, var. tenerum, 233, Var. typi- 
cuin, 230, distribution of, fig., 
232; monanthum Gray, 230; multi- 
caule, 232, 233; parvum, 232; 
pauciflorum var. parvum, 232: 
scorpioides, 153; simulans, 231; 
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tenerum, 233; tropicum, 156; vil- 
liferum, 156 

'Tropanthus, 234, 236 

Tucker, J. M., and C. H. Muller, Addi- 
tions to the oak flora of El Salva- 


dor, 111 

Two species of Miconia from Salva- 
dor, 189 

Type localities and man-made lakes, 
176 


Ulotrichaceae, 171 
Ulothrix: aequalis, 
171; zonata, 171 


171; tenerrima, 


Varilla texana, 91 

Vaseyochloa multinervosa, 26 

Vaucheria sessilis, 172 

Vaucheriaceae, 172 

Verticillium, fig., 41: albo-atrum, 40° 

Viola: adunca, 207; charlestonensis, 
58; lanceolata, The introduction 
Oh into the Pacific Northwest, 
191; Macloskeyi, 207; odorata in 
California, 207; papilionacea, 207; 
pedunculata, 60; purpurea subsp. 
integrifolia, 60 


Webber, Herbert John, 193, portrait, 
frontispiece 

Webber, J. M., The Navajo Yucca, a 
new species from New Mexico, 
105 

Welwitschia, 65, 69: densifolia, 73; 
diffusa, 76; filifolia, 84, diffusa, 
76; floccosa, 81, 85; Wilcoxii, 85 

West Indian, Mexican, and Central 
American Lepidia, 118 

White Gaillardia in Texas, 263 

Wiggins, I. L., Review: Las Pindaceas 
Mexicanas, 173 


Yucca: angustissima, 108, 110; Baileyi, 
108, 110; constricta, 108; glauca, 
108; The Navajo, a new species 
from New Mexico, 105; navajoa, 
105, pls., 106, 107, 109 

Yukon, A new Aster from, 97 


Zamia, 193 

Zanardinula: filiformis var. delicatula, 
94; guaymasensis, 93; kinoensis, 
94; mexicana, 93 

Zygnema: insigne, 172; 
var. anomalum, 172 

Zygnemataceae, 172 

Zygogonium ericetorum, 172 


pectinatum 


